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M preyme i
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behin
are {or lage d laser mapping systems. What is the basic sensor

Fmapping systems?

b) An arrplane earrying an |
ol '.,} y J_.:I 3[::.':[1?'.": baser scanning (ALS) system emits a laser pulse with a
ey ot oy that takes 00051110 millisecond to reuch an object an the
A e -htﬂli'fl'. Al the same tine, an anboard GPS-TNS system meisures
et coordinates as X= 100 0, Y = U0 G0, Z=TUOD U0m, el

anentation
i s WwEdh=g=
$=K=0 What 15 the Incation of the object on the ground?

The rolar :
1an maltr .
cuordinate sv %R (undhow) rotates the coordinate system of a tilied photegraph to the
aystem parallel 1o the reference ground system.

Determ; atd
mine the rotation angles (u,d,x) it R has the following form

0.999910 0.013319 0.001635
R= -0.013351 0.999671 0.021907

-0.001343 -0.021927 0.99975%3

(Formulas: sin @=r13, tan k= -r12/r11, tan w=-r23/r33}
Question 5 (25 murks) V4

A project arca is 16 km long in the east-west direction and 10.3 km w ide in the nonh-south
direction. It is 1o be covered with verienl aerial photography having seale of 1120000 A
camera having a 152 4-mm-focal-length lens and @ 230-mm square formal 15 to be used The
nominal end lap and side lap are lo be 6 and 30 percent, respectively. Begmning ond ending
Might hines are 1o be positwmed along the boundaries of the study arca. The cnly base map
available Tar the arcn is al i weale of 12 24,000 This map indicates that the average terrain

clevation 15 300 m ahove datum

Campute the fullowing duta for the Might crew:

i Tlying heght above mear sed level
T Grounil coverage per inage
1. Distance between Two succeasive anes of the stnps. ©
iv. stumber of Night lines requlred
v.  Tolal numbet of photos needed

Vi spacing of Might lines on the map

Fnd of Fxamination
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jat Is Photogrammetry?

gtogrammetry is the sclence and technology of obtaining spati

b

mﬂamre%

her geometrically reliable derived products from phamgrﬁphs

10ns.,

Perspective projection is obtained by projecting an object tg 4 Project
-ion I:"-&I"Q

ance from the
projection plane, Angular relations between object features and Image fey
3 ureg

\ ith a bundle of rays from projection center located in finite dist

nol the same,

hogonal projection s the parallel projection of an object to the chosen plane
(map)

e three (3) instruments used 1o measure image coordinates and brieflly outline the
yrement process involved,

Monacomparator ¢ach photo Is measured separately

Stereocomparator- simultaneous identification and measurement of image points on two
photographs

Analytical platter projective relations between each model point and corresponding image

points are implemented analytically <"

Jaln the term depth of perception with respect to stereoscopic viewing.

i
opic depth perception 1s a function of the parallactic angles Paraliact

- in '\!I"EI.
Is the angle of intersection of optical axes that converge on a cedain P
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(14+6) marks

‘Question 6

The Image coordinates of three points A, B, C and of the principal points P and Q an

two overlapping vertical aerial photos were as fallows

Polnt Left photo Right photo _!
x{mm) y(mm) x(mm) y(mm) :

p 0.0 0.0 -89.2 00 |

Q +B9.4 0.0 0.0 0.0

A +12.8 +44.,6 76,6 | Sandl

B +16.4 +6.3 -72.8 159 |

C +20.2 ___F_sp_:_'__‘____r_ﬁ_g_"’, 0

Glven that the ground coordinates of A and C were 50,000mE, 72000mN and

‘§1260mE, 71200m N respectively, estimate those of B.

(20) maris
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ven that the elevation of point C is 200m abm;e MSL and that the parallax

he same point Is f(f.ﬁgmm and th
C

0.71mm. Calculate the parallax diff

if Fthe ﬂylng hnig_h; ,fﬂ.!i a pair of photas s

Lig “oeaAF [ s *

.“ ™
at of point A is 10.96mm, the

reading for t
prence between the

parallax constant is 8

wo points and the elevation of point A

n L'nl-‘l.r.l 1 3 - i

ﬂ{lﬂm e ==~ "M i b LS A
LP = Fr-ua TS i .

A mapping project is designed to UsE aerial photography at a scale of 1:10000

evelopment project covering an
end and side overlaps of 60% and 30%

or 2 prelimmary design of a @ areca of 20 x

{5km. If a 15/23 camera is used with
ulate the following parameter

ry is to be prepared at @ map

< |f a flight plan 2long the longer

sspectively, calc
scale of 1:20,000;

elde of the project bounda

|, total number of flight lines
: - |E-C|

1. total number of photographs [0 cover the project area gs ¥
| .;a ws . e
fil, total number of models : | g

] 5 rLl"' ., =]

2 g £l ey = I « pied PR
11 . @ n - L ‘\_ 4 J
v s L '

fls=a N | [ -




TR |
Mmpmrmrlc scattering occurs when the particals or 0a%eous

mulucutcs present In
it 1o be redirected from its original pagy

the atmosphere Interact with the efpcy,
uﬂ‘llgnﬂk

jon and cause

radlat
e lypes of scattering that take place and glve one

Mention thre

example for each.

(Raylewgh aeattering- blue wavelengths scattered 5 Uimes as often e reg

Creates blue sky . Mie scattening smoke, dust, volcanic material ang sl

crystals scatter longer radiation wavelengths and Non-selective “attering

suspended 2erosols (with dlameters at least 10x larger than wavelengths)

including all Mia particles and water droplets and ice crystals, scatter longer

radiation wavelengths

whether true or false:

Active Remote - detect only reflected sunlight or thermal IR and

microwaves (False)

ive Remote - beam own artificlally produced energy to a target and

rd reflected component (False)
entire range of EMR comprises the electromagnetic spectrum subdivided

divisions called wavelengths that share common characteristics. (False -

. Spectral Bands)

wree forms of energy transfer include: absorption, reflection and

insmittance (False. Ans- conduction, convection and radiation)
Sun is the minor supplier of EM energy Incident on the Earth - providing

e and the natural processes operating in the

rgy needed for terrestrial lif

sphere, water and upper layers of solid Earth. (false)

R travels in a straight path at the speed of light - postulated by Albert

eln In 1905 as ~ 300,000,000 km/sec (false. Ans 300,000kmVsec]
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SECTION A

Question 1
a) Define bnefly, the following photcgr.'mhlr: terms:t

F-numbcr

- Nadir point
Principle distance

_ Flying height
Fiducial marks

Brightness factor

o thistance for a photograph of an object, which 1 located 4.5 meters from

b) The imag
s 76.5mm. What image distanc

the camera, | e is required for perfect focus if the cbjen
15 1M infinity?
c) An aenal camera

speed s 500 miles per hour,

makes an exposure at a shutter speed of 1/1,000 sec. If the ajreraft

how far will the aircraft travel during the exposure?
(1244 4+4) marks

Question 2

a. Name the instrument usually employed to measure the position of a point in a

photograph.
b. Define the x- and y-
c. What arc the s',rstemaﬁ

parallaxes.
Cerrars contained In the measu
perspective center, the image point and the

red phutu{uurﬂinates that

disturb the ideal linear relation between the

ground point?

(2+4+14) marks

Question 3
a) What 15 meant by a vertical photograph?
lacement an @ photo?

b} What are the effects of tilt and relief disp
abave sea level shows 2

¢} A vertical photograph captured at a fight height of 2000

hon 540° above the same datum. The image of the

radio tower with a base eleva
g princip3l

ent of 1.33". The distance from the photograph’

tower has a relief gisplacem
Q,WEJ'?

point ta the top of the tower IS 5.97", What is the height of thet
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Question 4
a) Descnibe the meaning of photosensitivity and spectrat SENStivity of Shor
matenal Wik
b) \What are the relationships between?

- F-number angd shutter speed

- Fim speed and emuis:on grain size

- Resolution angd emulison gran Size

¢) Mention and explain one of the methods of camera calibration

(4+8+10) marks

SECTION B

Question 5

The figure below shows an overlapping pair of truly vertical aenal phatographs taken at
equal flying height H above mean sea level (MSL) and having equal focal lenths !, The
correspending images of the ground point P are P_ on the left photo and Py on the nght
photegrapn, respectively. The ground coorainate system XYZ has its origin at the MR,

level location O of the left photo camera exposure station, |.e. the X ang Y axesae

paraliel to the x and y axes of the photo system.

a) Denve the basic parailax equations for the ground coordinates of peint P based on
the illustrated geometry of the overiapping truly vertical photos.

b) Compute the ground coorzinates XeYeZe of point P using the previously gerived
paraltax eguations for the photo stered pair, whose

facal lengtn 1=152mm, the air base B=1815m and tha fying height H=3000m;

anc the photo-coorainates of point P are:
tor the left photo: x, = +80.0mm y. = -50.00mm, and

for the nght phato: Xq = .20.00mm, vz = -50.00
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SECTION A
Question 1 (25 marky)

AN vermical aenal plltll-lpr.qr-h w

Mying a5 tthen with a 152 4-mm-fucal-length camera ram &

heigh of -
il 1185

i obowe
Appenr o the photog datim Images o and b of o ground pomnls A and B

i
N ceraph, and their measured photo coondinates dre 1. = S5 15 man,
Ma T AR ST mm, v, = A0 :
o 64 mm and vy, = 43 B8 mm Determine the lworzantal length

ol hine Al T '
il elevations of pai
ainls A | 20- St
ofrion p A and I are 201 and 138 m above dan

by A i .
’ Istanice ab on a vertical ||Iu|u:1pr.1ph 15 65 00 i, and the :urlr:'l-pundirlu. L:r.:mn-.l

distance i . _
ance AB is 1150 m. If the camera focal length is 1524 mm, what 15 ihe lying
height above the termin upon which hine AB (5 loeited?

Assume that the values given for focal lengih. phato distance and ground length
comain random errors of £ 0.00% mm, £0 30 mm, ond +01.30 m |q.:.-..|_1-::liv¢|y. What 15
the expected error i the computed Nying height?

Question 2 (25 muarks)

a) Discuss and give examples of the terms:

1} Active Remate and
i) Passive Remote sensor syslems F——
by Mention three (3) most common bands of the electromagnetic spectrum used for rem

sensing.

¢)  When electromagnetic radintion strikes matter, it interacts wit
ways; Name the four (1) processes involved?

d) Three main types of scatlening important 1o remate sensing arc.
- Rayleigh scattenng
- Alia scattering
- Nonselective scatlering

b it in possibly four main

Explain their effects.

/A
C

Question 3 (25 murks)

ay Spaual and non-spatial Jdata ore the hwo Iypes of data 10 be entered in o GlS. Give o brief
deseription of spatial and non-spatial dain?

$ a .y
by Briefly deseribe what the terms digitizmg andd seanning mean in GIS data enirny:

¢} What are thie two man
advaniapes and disadvantages ol vector Data?

Iypes of datn Tormals wied i GIS?

dy Givethree (1)

- e e o II "nn?
¢l What does the term Georelerencing - me
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#) Describe 1wo ditferent conditlans that are conrannly erforced in wnalytical
photogrammetry
' ) Dlstinguish between space Nesection Ly colliearity anid Space Intersection by

.'ﬂo{lrlai phatography 1s to be taken from a flying hiclght of 1830 m above average ground
wilth o camera having @ 152 4-mm focal length and 3 23¢m farmat. End lap wlll be 60
percent, and side lap will be 30 percent. wWhat I3 the pround area covered by # single
photograph and by the stereoscoplc neal model?

f6+8+11 marks)
#) Mentlon Three {3) batlc sensor hardware for laser mapping syslems,

b) A laser maunted on an airplane emits a pulse that rellects all a targel and returns to the

sensor In 00066000 millisccond. Assume that the pulse |s almed directly down to the datum
surface, that the speed of light Is 299,792,458 m/s, and that the laser Is ateracily 1 km
above the datum. What ls the object’s helght abeve datum?

c) Evaluate the contrasts between alrborne laser scanning and (stereo-) photojrammelry

[rom an application perspective.
(5+7+12 morks]

SECTION B

a) Briefly, explain what Is meant by aerlal triangulation.

b) Outline at least three (1) advantages of contro! entension by aerial triangulation

¢] Mention at least five {5] sources of errors that are narmally taken into sccount in aerial

triangulation

d) Why s the similarity {conformal) transfarmation used in the Dlock adjustment by

independent models?
(G255 marks)

3) The relationship of between density and eaposurc ol a phategraphic emulsion can be G\L i f}
desoribed by the characteristic curve calted O-loglH] curve. With the telp of a shetch

diagrorm, explain the main components of the turve

(- &Y

b) Stzte the difference petween contact printing and projection printing - {_' .E;} }7 A

¢) Caplain the five steps imealved In processing black and white emulsion. I A
{10+6+9 marks)

STOP; GO DACK AND CHECX YOUR WORK]
LlaN!
f " E‘Ir-'-!l' “ , I.‘
- {1k tf-f't_d Eaun ik ,E:I' “r
- y'!—‘ ’ - o 8 5 i

a
[T |
———
e

- @ —
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Thio U miveesits ul Lambiia
Sscbieend ool b npanvering
Department of Goeomatic F ngincering
2020 Academie Yoear

Secomd-Tall Year Final Esaminatinns

GEE 2622 Principles of Data Acguisition and Frocessing

Flime: Three (3) Hours
Instructions -

Fhis bovarmonation s Closed Book

L alculators are permuticd

Fime allowed v Throe () Hinurs

Amswer ALL OUESTIONS FROMSECTION () ASD ONE FRU

- Mo all the work leadimp e the sl ulioin

ad b —

M SECTION TR

£ lotal marks for thas | xamunation paper 1 1A

' 190 Sot Turn 1his Page Until Instructed 1y The Inyigilator

Plcasce
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Section B

a Our ==Ction B

WhltE ]lght is mad
{IJ Withln wha WP of all the components of colour.

1 L wavelan what is
| gth range does a human eye detect colour and wha
S range calied> g Y

(i) Li 1
Ist a . ) _ ~col oy At
(ifi) Nd explain the three (3) visual variables of colour. - “-L"L::"."'fj', tﬁlrzrf- .
Draw and explain the additive colour mixture on a calodr model tied for
b) CoOmputer display.
The role of a picture in computer graphics Is described as:

(i) An end in itself and

(i) A means to an end

Explain these two (2) concepts clearly giving appro
<) Map projections are used to transform the curved surface of

plane of the map. " ;
(i) Give and fully explain one (1) characteristic O clsdoo

| f map dt i 'I_'_E‘
Ily explain one (1) property 0 . b
R map projection based? Nee

priate examples.
the Earth onto a flat

f map projections.

rojections.
(i) Giveandf pro)

ur (4) things is the selection of a e,

(i)  On which fo . e
, KMMUJKM& [2+6+5+2+2+2+2+4]Mark5 i
%{)'\‘{:L-f"’# gﬂ&
((_‘jﬂh C

olves creation qnd
nicate information
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Fhe | i nity of Samibia
B Dsah o D ARy
Evp et o oo F Shemonmd e g boween g
S50 AL ALYERYIE Y1 AR
ALY TERAY TEST LY S000G

COURSE NAME PRINCIPLES OF DATA ACQUISITION AND PROCESSING
COURSE CODIL. GEE 3R

TN TWO [2) HOLIRS

TOTAL MARKY: 100

INSIRUCTIONS

Answer: ALL THRLE (3} QUESTIONS from SECTION A and ONE QUESTION Trom STCTION D

This TEST b Closed Book
valculaten are permitted
Show all the work leading to the solution

B iy e

SECTION A
1. .1]E:-.pf.nnthel’nllﬁwlnglunni: -:‘
L Depth of field of a lens &
]
i .ﬁ-
fi. luminance of any phatographic exposure —-—
. Panchromatic emulsion / {;-
B, .
lv.  Crabangle — a
L

v. Y-Pallax

b) Awvertical aerial photograph was 1aken with a2 152 4. mm-focal-length camera from a
fiying height of 1385 m above datum. Images 0 and b of twa ground points A and B appear
@n the photegraph, and their measured photo coordinates [corrected for shrinkage and
distortions) :n* 1,=-52.35 mm, y,=-48 27 mm, =40 &4 mm, and y,=43 85 mm_Determine
the horirontal lerngth of Ilnriﬂ_ir Lthe elevations of paints A and B are 204 and 148 m above

datum, respectively
o (292924242415 morks)

|"I
* -
§ "-I * lg
S i - L:
" I = 6 :
W -9
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magnetic Radiatlon (EMR) Is light energy detecteq
with an object (False. Ans EM) “'-Emnh intg

, most common bands of the EM Spectrum used 1oy remat

"-‘I-‘ lc, gamma and x-rays. (lalse. Ans. ultraviolet (Uv)
'IR) and microwave. |

e

pmote sensing depends upon operation In wavelength region
i 5

e Eﬂiln.q a

nfspmm
spectral signatures occur for Identification Purposes, (i1, ) m
. o
-y - z Ll.l = M ‘g;
fL

'he figure below shows an overlapping pair of truly vertical aeria| Photogranhs tay
En at

- equal focal leaths 1 The
EBfresponding images of the ground paint P are P, on the left photo and p, o the

ograph, respectively. The ground coordinate system XYZ has its ongin at

qual fying height H above mean sea level (MSL) and having

Fight

L thee MSL leyue
tion O of the left photo camera exposure station, i.e. the X and Y axes are paraliel 1o

and y axes of the photo system.

Derive the basic parallax equations for the ground coordinates of paint P based on tha
jstrated geometry of the overlapping truly vertical photos.

Compute the ground coordinates X,Y,Z, of paint P using the previousty derived paraliax
jations for the photo stereo pair, whose

| length f=152mm, the air base B=1815m and the flying height H=3000m;

the photo-coordinates of point P are;

h left photo: x, = +80.00mm ¥, = -50.00mm, and

right photo: xa = -20.00mm, ya = -50.00

kgt~ 'c""-l"-\i-
Pa = 2o —-als ”a":"’“".fg;
P adee )

» s
16 (40 eo)

LLALY]
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A4S marks)
L

i ,Ihuvim‘, tlerms:
o 1L

A

Plu_ L :"' .
.,_'.-l' r 11“'”[
i 1:“]

4!

'\ ‘.,]tl‘r

- between tw :
i]l.‘l'['jﬂ“ be 0 PD!H[S; n"[easl]
e adtobe 143 em. T
& toult ' - The avera

4 m above mean seg level, f;

n
! ind the fl

s taken if the foca| |‘3nglh i Ying b

‘|.kh': lll-

i Three! “'34-]{] ”mrks;i

J Given the following 3x3 rotation Matrices

around the ..

S Yl nd l
Which oy
Mate 5¥stem) Ly !

5Vstem, A {
!! I . ' Siume
i woxare clockwise rotation angles around X%, tespectisly w

;nis, respectively, derive the rotation matriy R
(‘qu),t}

stem(camera coqrg
i 10 the camera system X'y'z” parallel to the reference

e measured image coordinale sy

Ce——

. P () ang 0 —sing 058 B¢ fi
ol = 1 Ioama sinw ] R(¢) = 0 1 ]} (k) =] =smn anx 0 |
} —sinw osw Hill(f’ f o8 O 0 01 'I
L] ' l
Hint:
rp M2 ™
SR T SR - Rw)=|m ra ™™
Riw. o,5) = R(k)R(G)R( ) g |
. thf_'l"l
b ati n matrix R ¥
% Caleulate the elements of the m““o_. 102.1708 gon-

- K="
©=-0.0396 gon, ¢=0.3070 gon v
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pired:
e need 10 solve for the EOpy
-.:uﬂli”'r' known’errorless ]Up-s the rﬂu”' "
T =T slppe &
epations-parameters gn - Boung . EHang
sl d show he sy, 0" hEE"“'-*r

b ¥ ~ dtmi
te] required 1o perform 5 Clur % 0 gy, gy
il = I il "
= AL TE. prm'cd"“‘l e uhx::t.h
) 2y

petermine the following;

(hservation-parameters analyyis:
 The observations

the measured image coordinates of points 12,34 5 6o im "
[he measured image coordinates of points 123456 nnimﬂag:h 7 H'g;?!-:’--!"
he messtred image coordinates of points 5,6,7,8.9,10 og image (117 ”J&fj"@;

Te measured image coordinates of points 5,6,7,8.9.10 on image [ __heq =it

8 The parameters/unknowns

Laown mterior orientation parameters for the camera: xp, yp.¢ u}ﬁlﬂl“

fvenor orientation parameters: Xo. Yo, Zo, o, g, x for images LILILY -
™ zound coordinates of the control points 129,10 g2

T cround coordinates of the tie points 3.4.5.6.7.8 Tyl il

Y Nedundanes

" [ers arc
"% 10 this redundancy, the unknown parame

s adiustment pmccdun'- =
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The University
School of p
Department of Geq

“flarnhia
E“werlng

Malic gn ing
2015/6 ACADEMIC ygpp "8
MID-TERM TEST - jypy 2016
PRINCIPLFS OF DATA ACQU[SmuN AND
GEE 3622 ND PROCES Sy
TWO (2) HOURS
100
1. Answer: ALLTHREE (3) QUESTIONS from SECTION Aand
2. This TEST is Closed Book ONE QUESTION g SeCrion g
Calculators are permitted
Show all the work leading to the solutlon
SECTION A
vf
‘1. a)Explain the following terms: *f
&
I Depth of field of a lens W
]
i.  Iluminance of any photographie exposure © g
% /fB / a L
M. Panchromatic emulslon . L -
¢ o
iv. Crabangle. %Y Ay

v. Y-Pallax

on the photograph, and their meas
distortions) are *-?‘51_2'55 mm, y,=
the horizontal length of line AB |
datum, res pectively.

~48.27 mm, %,=40.64 mm, and y,=43.88 mm. Determine
fthe elevations of points A and B are 204 and 148 m above

Yr = Q-jl = L\A) Xa (242424242415 morks)
ik F

LI

Yﬂ'

L
\hJ ) \\... :Lp_;' —*_{_:‘ L—-—h!*r %
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MID-SECOND s

ESTER Tggys
S B MARCH 201
v s GE 332
Photogram |
Instructions: Saremmetry 1

Time: THREE (2) hours
‘Answer ALL questions from section A a
nd ON
E from Section B

SECTION A
) sestion ONE(1

= Aperture - o cpe A ‘
— F-number - et o0& =~ jreakl Lt~ Et";.l_‘.'"?,,/;"*'—-—‘u-- R

1 : s - wl ‘I.L-A‘.'.--.._p-wl LT | —— :
¢ - lluminance - 3= ~—F %% IS e A 80 nayg

- - Nadir point -
- Principle distance _

- Flying height _ ol Ly e& 94 canora,
F = ok e - edgomi~i gm0 g Deiadap
b) An aerial camera makes an exposure at a shutter speed of
1/1,000 sec. If the aircraft speed is 500 miles per hour, how far will
ne aircraft travel during the exposure?

a) Define briefly, the following Photographic terms:

€) What are the causes of radial lens distortion? List two of its
Characteristics. Use sketches to illustrate your answer

Radial lens distortion is caused from faulty grinding of the lens.
d) What are the relationships between?

— F-number and shutter speed

- Film speed and emulsion grain size

A i i in size
- - Resolution and emulsion grain s (6+7+6+6) marks
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JESTION 2

1S meant by

“Ihnl 15 \ L‘\:t y
ToMeng
r

)“1"" are ll.li: 'dltt:rnm- ‘
:Bmc[grs ol an ‘ﬂlﬂuinglm"'
T8 Sk
eptation for a stcruu.pair?\-.-ct

what s the difference |

i e 8 Cly,
amelCrs are nvolyeq
pan din thes
~an VOU USC relative o .
g Can lative “ﬂcnlminn 1 r“"h!ﬂ:k t, N,
0 fee T o,
el ur' Sl
) Do we need ground Contro mu“lh:_- ,
! s 1y "ol Mo
W Stapy; e v
¥ i1 o ] . Iy hlu
g Do M nuf %ft!llnt] cOntro] Ointy % g,
phologrammelric madel? Wy " Sstablig, a1
§ -3[“10 ; e
“H“'"ﬂ.t
QUESTION 3 1
The image-to-ground coordinate relutic,mhip i )
pd is represented by the collincarity equatio n:LSIahllshcd1hﬂu i
. . ' Vil
Ly . l"l -dl L] " -
oy e et T o) ery (2,
Ny (X=X )wry (F=1, )41y (227 )
el @A) b (K)o (2-2,)
Aats A T .
| Ny (X=Xo)=ry-(F-F)-ny (2-2,)
The above equations invelve the following quantities:
+The measured image point coordinates: x, ¥
nterior orientation parameters of the camera: Xp. Jp. €
< deration: No, To. 20, 0.0.¥
of the image under consideratron

*Exterior ortentation parametcrs

, pun:‘nisi
where 0, 0. & are embedded in th

e rotation matrix com

~ B RS K
<o wmpsn ~sinmsinQc
AN s K - COS ) SINQ COS K

vk Z

"% tround coordinates of point:-
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SECTIBN & - 5 Y

o '_,'-1""-"'] FDUB_{‘IJ r‘;,,-f"' -
7 = “‘—vﬂ ."a"l.‘H"i J
.:1'E';,-__.| 55' briﬂﬂ?r 3 F_J,J.J; p {"""-i‘:."

"‘f_;_ The principle difference between a ‘'map’ and a “photg’

o virtual and Real Image formation

h) What is meant by exterior orlentation? What parameters arp

. rll I.f- |

u. ed? a7 . At
c) hﬂn aerial camera with IMC (Image Motion Compensation) is yseq
ta acquire photography at a flying height of 5200 m above ground,
'.""]’?-l- focal length is 153.15 mm. The aircraft is flying at 325 kmyhy
and an exposure time of 1/250 second Is used. How far across the
ocal plane must film travel during the exposure In order to obtain an
= ae with no image motion blurring? i

n= hﬂ"lh '”:'.qu '-"-|,.r- " .;I:-: L ol f.a {ID+E+?] marks
=g x - B

'3:-- 0 ] *ev

,_:,i._l n FIVE (5) -c 10CA

a) Describe the meaning of photosensitivity and spectral sensitivity of
photographic material.

b) What s a diapositive and give one example? .., ouuas v ceste

W I'r-\...l.-fl T ™ T LS | S e gl
=i [

) Define the following photographic terms:

-~ Nodal points

- focal points

- focal lengthFocal length is defined as the distanee front the focul

plane to the center of the lens when focused at infinity (Migore 6.4), '

e U
3 SO S - 1“""' Lo ey I;FJ: astba wd w0 eda gl "'“#.. e
—— -
A e pem g Ve ¥ '4"'“_ . ha t-#*—*—-‘“-“"-n‘_‘ . 1) fa™ {'J'h
iU el '.i'_h:.u_l_ LAY M = e A B P [ “!-l- -
et —= ‘-‘ .i""'"" L“.._‘..,l,..'.-l -
L e i | by [fm‘-"-ll S TR, _t..rdﬂ'.. A

o i - '!lh L5 ] HIJ o

i -
¥ ~{ ey b e aly 't"’l‘ \.-Hm'l thi-“._l.-lt basa -

1 >
| gy of {‘ :

=
= - —

(Y. .I r. .dll.[ L]
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& e L e e I R e
Sl e A 8 o e

utomotlve, machines and Ehljlhu”dmg industries - hﬂ‘*hﬁ mﬁwuj
‘.._,,..u o e e, Lwvmi ssmciy § > ] i
‘u*-u-q.lf?:-u--ﬁ-#-“-m ' """“""‘"f*-c'\-w—‘ hadiily PO
Medicine and Physiolagy

[ R P L SR =" swaaly | i

Forensic including Police work
I P R e e T B 3~ T RN TR Y SE ey
L | e e

nalytical photogrammetry, we often deal with matrix retatlong |n a
. Plane fop

e points that must satisfy the orthogonality conditigns, Given the 1 "
1] ‘leng

ormation:

Ny (036 n'.ﬁg) z
(r) “\0.190.27 ]

With the help of unit vectars
_ COs 0 _I . - Siﬂ ]
S sine J = cns n

three (3) orthogonality conditions that must be satisfied for

an orthoganz|
ix and prove that the above transformation does nat represent a rotation
L T T | v o e '-T~_= .'11-1".
1i
. o - i
¥, 2
_Fi ' . * r —+ ¥

The figure below shows four models (1-4) which are observed

e

r«.;:
T &% g 24 - & _r"\'—d 4
'I;l-q ] 1= = |
Independently
) - . -
LY - s L] i & - ',"': h‘
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closer

i 8
!-;,’j;-:'_':i_ﬂ. TWO (2) o) L,-..r-f-"'"

; )3 s ok

a) What is meant by a vertical phntngra h?

arly vertical photngraphy? L g What IS Megn by a

b My -t T i "'-i "I_"“'f'.

h) A vertical photograph captured at a flight heighy of 200g- 4 Bl iy

.e level shows a radio tower with a base elevation 540 4 Sbore

3
"I:
:

me datum. The image of the tower has a relief diopf /8 the
1.33", The distance from the photograph’s principal Dar:n Ment g
O?\H'le tower is 5.97", What is the height of the tower? Point to th, the top

b~ v
-

) Mention and explain one of the methods of Camera calibrat;
!. .]‘* ration,

The line lies on fairly level terrain. Find the approxim
L ght above terrain if the camera focal length = 90mm ztnedﬂtﬂ:
‘section line ab = 100mm (on photo) and on terrain AB = 1000m, Y

;_:,”'"4“ (745+8+5) marks 2\

: & PR . oD
Question THREE (3) il /E’; 7. ,j"ﬁ @'j/ké

e

{ a} Discuss the darkroom procedure for black and white emulsion, —=——
' JExplain when and why a ‘safe’ .Ei;t Lan be used in a dag&wqm i

S 1-lll-| e H J‘ -1.
_'|-.."' i 1‘,....'_-;-1_1 ;__ r}- ".-ll\_\_-. ""I'J‘"i "' o -‘-"" A —— e Pl u:-} P
of [iepn 6 P E T FH?:’:R"I""“ "W'-""'*--
E curve.’ e i g

- (b) Discuss the characfensnc curve H and D, an_Bg

ot T
:‘:::: b —-:“" el ““"'"""'""'""’._ 72 ::,: M Ly "'ﬂ"n-‘

-.."' e T T W L..,.,LJ.-L-"-L
( )DEF ine the following terms: b abians b 6] FEa Tl

a9 s egAAd e SSUnraia b G=D e
——rd g i1 h - A *..;n_'n..

- Filter- 257 e a st e - ;uA-LAaf"”‘ Wﬁ—-‘-ﬂ\-‘-hﬁ
- Denslw Mﬂ\h 'Ei-— n; L"ﬂ =:*v'-""' 13 LY ERs S ‘.\.l"'mvj#
™

-~ Contrast

" — Resolution -+« 44 7. .
N by VW MJ%
B be Mu.,..a»
Ll

dJ Explain briefly, g G W e
'Depth of field’ s L7707 SRurt amised—s tE ;awphﬂto’
- What are the effects of tilt and relief displacemen

A F:’ra

(7+5+8+5) marks

AL
- ; 3 1 A OB
W oocU Alpan AP DN

[}
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y, define the adjustment involved In these modals?

dels are:

§
¥

3 'ng translations, Xu,Yu) .

%
§ (ratation angle, k) and Ll Pt ) "

ale factor,m)

oints fit together as well as possible and

&ldual discrepancies at the control points are as small as possible

the similarity {confarmal] transformation used in the Block adjustment by independens

a seale, position and arientation of the models may be changed but not its shaps

P Y
TJ. § '\—\..‘_“_\2 1,.‘ E _:EJ
q4- £ =
Haa i g \ l \
I I & SIS ! . \
' ] i :21 II| ~ i
i R 5 i) L
— 'h-l o "l-.-_ : i
ye——— 0 b \ £ !
- ——— -\___.t __;-‘.' ?.-__———r"____ ﬂ
sy et LY } l l
[ - -
.Ii | ’ l l f (3 \ L
1Y \ f (2 | ll ]
|| T x| ! ' L4

\ , 9 X
'_"‘-I"i" ;_;.l'_ -1‘4 i —_— ""_'___-_'-—_-_._-_-J-

108b
AL A AIA D = g =& o c_thn.fh Xy

SXA - (0 Weeod -k %D

,"-':ﬂf'\'\-il'kf!n.:v\ a4 —~0 el )
com At L po—ra @E‘ﬁ)
rd =9
T pob 6o oanyg g L2
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SEmﬂH A

rF rlnmﬂn of space resection ‘-f_, e
e --u:"ﬂ'ﬂ""”‘l expression s used fo Ei\!Hﬂrl'ﬂF'M! p“:ﬂu
et
Leneh " - Hrmm‘“m
#F equired 10 be known i“ ve far the unkngyen Patamey M e,
Y C PPN Q o1y
H - '__.-\,. " *l Lb——l_j_.gt ﬂ{'wj
( groa s 16 hen Wide in €35Lwest ditection ang 1p 4,
AP “1" 1 15 o be coverad with photos in scats | 1000, The nnmn:': PN
"II-' 3 e E,[j " I:'Irld 33“‘5. fﬁipf:“”flf A tamvrﬂ thH‘li 3 15} mm Il:lrrd I'mlfdl*w
.",_'d,." square format ls to be used, hnm*"‘iul

rraynd cOVETEE
.'] - g stance petween lwo successive axes of the strips.

¢l sha sinp

Rit ( potos per strip (assuming two extra photos at each end of the 11910 e

L mbgr s

E" "'ﬂhl |I
rhe meenvalometer setting necessary to abtain the desired end lap, assuming the srera

p2g g1 a velocity of 182km/h
{10 o
patenl
§| Savide the defimtion of collinearity condition and give its mathematical gxgraasion, Diplale
e 1erms used in the mathematical @xpressian
¢ field of view of a camera Calculate the nguil fievd of

ith a 23cm square format Style whemrer
of a single-lers framé CaTErL.

s Thafigure below shows the angula
v far a npminal 152-mm focal-length camera w
=515 3 wide angle, normal angle or super-wide angle type

]

- FocalPlane

L/ nrAnEulirﬁrldufW*

rJr - Rear Nodal point ol lens

d
i ':l-'“‘_l - £
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L efine the following photographie t
cn]']s:

Aperture
F-number
llluminance
Front nodal and Rear Noda) p
[socenter
- Principle point
- Ground nodal point
Swing and Tilt angle

0ints of an geriy) 2ty

» Whatare the relationships between?

- F-number and shutter speed
Film speed and emulsion grain size
Resolution and emulsion grain size

" S . rerarmiansT Lse
¢ What are the canses and characteristics of radial lens distorions: Usea

: : o Jens
representative sketch to explain two different Iypes of radial
(48 maks
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; . orucal photographs was taken from 4
36Ty mm-focalHengih camera The air g,

= rallan B readings of 12 57 mem 3ng 13

: _; gt principle points 0, and Oy, respe

“il']aﬂ , lJ!
Gl £

-+ e and on the right phota b° was me,
- E P
: Aandg A2, s Ll
gl oA and B measured with respect 1a tha T
g Lr.-r' e 50 84 mm, 2, =BB.9Imm, and y, =
T = Ll

T =&

‘ N Y s ™
o and 15 27 mm were taken on poinyg

ﬂrih'!' .-'ﬂ e re

'*h:.ﬁ:r
_ <46 £5 mem Calcutgrg o e
“' cAandB and the horizontal length of line A8 k)
« . ‘-E'-‘ "‘

1 5L loyed to measure the pos;
srument usually emp position of & pow Iru;_su,,:,-.,'i
L [EEETS r

5ystematic efrars contained in the measured phato-coardingtey %31 iy s
. e By L , .
S eplation between the perspective centre, the image point and 1

PEE - .

[15+748) mang

SECTION B

_+iJ
3t

= A Firc i i ini Fp-ﬂil'l comar IW
il [ ”I‘E ]'II!EI EEE“D” DI IF' 'Ei,ial”lﬂs a [ 'I

e 1 ire Iﬂie pﬂlnt tﬂ h‘E 2

;=% E [ne F

1 i -Eﬂﬂ‘l"ﬂ'lﬁlu
| ﬂ Etﬂﬂrﬂ|nﬂte5 ﬂf lhﬂ'!E Ilduclﬂlﬂﬂm’ﬁ Im the Comve to I"r
et CAML EIE I l r | i FHJ
N i 1-:1:- r I:GIHI'JEI'TEIIDF fﬂl}l‘dil‘lﬂfES XY arg gsn the table below

" Fiducial paints X{mm) | Y{mm]
| Fiducial pare>

- A §7.294 | 210223
|

f e ———

e T 969% |

313.054 209.555 |
200512 | 322.768

Mm

4\

: vet
Cofine the following phutugramme:r!: ::nn::n
cirametar elaments required for their dete

Bas.cnterior orientation
Relatrve orientation
Absolute orientation

i
1lml-
Il!ll-
Externor origntation
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il fehine t.-p.'n'uljm "
ferran M

p Denne parallay ¢ B

irhi oS are ke i

e length of Jine '
R [ he I!- .I “”l. A IilF||| hu”‘ :'H“ N
il"‘tu””““:d ““n‘ i 'lll_'r ' I " Ih\. -’l‘ fe )
the photography b, : Ih“
the 1wo photos) ang ”"-*.u:r:.,
sornts A and 3 . e g,
I!l ~08.6Tm; " e Mgy i Ha”“"f:: gy P:“ -

3l o, = & - .
' « g8 Lym 5”*30mm .hnc C00n gy, " e g, S, P
length ol line AR A gl Yhe ST T .

Q[‘HF'I'HJN 5 B
"o,

;) Discuss vertical, tilted ang obligue ty
| e Pcufphnlugr;p]n |
y Briefly, distinguish between o Map and g phoyg |
0

Assume a vertical photograph w :
Ao il o o 42 Mg et
gsing & camera with a lSE-mm-fncuI-lcnghtlms (2) Determs
points A and B, which lie at elevations of 1209 and mﬁﬁrhh r
corresponds to a 20.1 mm photo distance measure al each of ;.::::,h

e

&1 What is reliel displacement? With the help of skeich diagrams, denve e fomes, 1
reliel displacement.

¢} Assume that the relief displacement for a tower appearing ¢ photo i /== =4

g 5 4 himm
the radial distance from the centre of the photo 1o the lop of the ower s % =2
the {lying height is 1220m above the base of (he tower, find the beighrel & v

(se5eseiimd
4 ¥
§= £b
9
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e nearer the abject the greater the parallactc angle ang i,
T g 8y
hetween object A and B (DB-DA) is percewved as the Aifferen,

ngles (QA-QB) I D3y,

that the shortest distance of clear stereoscopie g

epth
age eye base of 65mm is 250mm, calculate the m“imuﬂﬂrcepﬂnn for
" Fi"l“ﬂu&.

Seree scopic Jeply  ferceplia,

D Shockes disfente & ¢las, 51'?'1'.'1:?-'?9?:: a@# Peraisn

| for The avenp efe b€ of ESmm i3 250mm 9
1\ Mo ﬂqraﬁncﬁé angle wil Le p

C#CMEVJ - 2 ben! 3285mm & ,c° .
2.55 i
g

en that the maximum distance at which the stereoscopic depth 3
eption Is possible is approximately 600m, calculate the minimum -
arallactic angle.

s DL W25,
fAvae

= Cr'{‘."' 22”

i

AT d"j_ & e —
ercrp o 5 porsittg e SISO dopth

ﬂ.{m'n:) = 27

least three examples of close range photogrammetry in each of the
g applications
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on Tuo (144347 maris)

frictly. dvtine the following phatogrammetric Irrms
| rtnc e

- DPallaran = =40 == == drih Wy
- [Princpal Poim

- Nlummance

- E'RPHL'T.:."I'EI.!!LL'!:'L - - bl =l B . .

- Intenor onentation Farameter S e

- Extenor ortentation parameters
- Fuluoal Marks

'Priefly, state the main difference betwien a map and photogrask,

Gtate briefly, the relationships between?
j-rumber and shutter speed

Film spoed and emulsion grain swee
Resoiution and emulsion gram size

stion Three (20+5 marks)

Assuming the prinaple point to be at the mtersection of lines joming opposite cormes
fidudal puints, calculate the coordinates of thase fiducial points m the comvensiory!
xy covrdinate system if their comparator coordinates XY are as in the table beiow

Fidugal | X(mm) | Ymm) | )
‘ = X
points | | @1"’31] - m["l '
A | s7204 [ 2173
826 | Gp 4o
B I"-H*_ | n":- grnf-,i-f-.
C [ 313.0548 | 2M555
e | 200512 | 322768 Y S

hi l"'ﬁt

b, The figune below chows the angular field of view of a comera. Calcuiste the angulse
. - . ’ = f;
field of view for a pominal 132-mm focal-length camera w 1th a 23om sguary formal
i sl r-wide angle type of 2 Snghe-
Spate whether thusis a wide angle, pormal angle or super wide angle tvpe E

lens frame camera.

/ —
/1 ~—  FoczlPlane .
.F; ) ¥ _,r‘l;.- '-J-ﬂrh l’;‘q
L~ o -
Y/ &, o
\ 2/ a=Angular field of View QD P oA o
17 oL AT ¥
L .l{-l ‘;‘. 3
a"r o Rear Nodal point of lens iy ’_,,i'
N - : -
T
ol A
i, Y )
(Y I
'l"" EF I"‘"- f\. --‘..
é - ‘,‘ Ut__f 't““.
| ol RN <
- ~
e B T g | ¢
o Ay
n.'i-' ‘,__-J-
JE— = |
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-
)

I (l

oS 0
n 1

| sing U

[ oSk

— SN

(G B

Formulas: sin @= r13, tan k= -r12/rll, tan w=-r23/r33)

b Provide the definitions of the independe e
orientation. Name the projector elements used ine

(I cos&  sing
I —sinw cosw )

. the following 3x3 Otation p,

0

= sing
0
os¢ )
sink () )
CoOsn ()
() o

e the rotation matrix R (w,,k) that rotates
oordnate system parallel to the reference grou

0.999510 0.013319 0.001635
¢= | -0.013351 0.999671 0.021907

-0.001343 -0.021927 0.999758

ey

rmine the rotation angles {1,k If R has the folyin g

'he Coordingy g,
nd System,

nt and the dependent methods of reishe
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[hram Se=e 1991)
oyt o v
ppos bl 128

Haters from the camera,
jired for perfect

b - e for a photograph of an object, which is located
image distanc pis 76.5mm. What image distance Is

tocus if the object is in infinity?

(10+3+6+6) marks
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SEc-
_5+5+5 marks) * ON

-

pelp of sketches, sho,, ho,
L st

|

ilt . :

) IILMH al flying heights
rain variations

o1 16

i

pase of a stereopair is 1400, and

JA ora has a 152,

'y 1'|1.||.I|H1' CJnI‘L L e 4 mrn fntal IEI" th
ok 5th ang

i« the percent endlap?

 phat B .
) ,4.-_4:!”“”::;;?“‘::“8 R adjacent [ines
© ont side lap ‘
I',"I'.]'LL C\ \.E‘\-.__ﬂ: m‘-hﬁ

o Fire (3+18+4 marks)

pnan el optical system, all rays of light from a point in the object e
Jould converge to the same point in the image plane, forming a de

Image.

2 What term is used for the influences which cause different raysto

converge to different points?

in
. i umffsmmﬂﬁ*d
* Mention and briefly explain six (6) types :}:]::;:fﬁﬁﬂﬂ pes

(). Support your answer with sketches 0

nd v
. fora real 3

A . . onvex lens

o Draw ray diagrams for a typical ¢

IMmage formation.
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SECTION D
gion Four (15+10 murks)

. “:';HI 1w ll'.'1|‘l ot ket hies, shivw By strTeokean ,
0o ik OMEUPIE CaveTage i lint dyy
il Lllln'uiulit |l1|"i|1|'1 ]|1'1|,II|111|

di) Vet variations

frs

Air hase uf a stereapair i LA anl iy ing heighit aliree grivind
has o 1524 mm focin! Tength and 25am lorma ' § s 24!:(4,,,_[_-‘“_'”"

i What s e pereent ed fap?
(] Assuming spacing Iwtwween adpacent lnes 15 2500m, what
oy . i"‘lhl']'ﬂ'r["uh
b alder lag
il

¢ AN gurkal camera with INC (lmape Motion Compensation) is used (o
' Ay
I‘l"‘{“RT"‘!"”." ata tlying height of 5200 neabuove ground. The focal fen ”]Lf"'
* i Ay q { 4
mm. The arcattas flying at 325 kb and an exposume time of ]r‘grﬂ: : ]] '1].|.1
- 00l Ly g

How far acrons thie
with no fmage motlon blurring?

focal pline mist film travel during the exposure in order
uer L

obtain an image

_h
tion ['ive (146415 marks) 5% - AT e
e
2 What Is refief displacement? e - L_:_-,
ES T

photo is taken from a height of 335 m above the datum. The

base of tower 1s 25901 ard the relief displacement'd” s
distance to the top of the tower is 1217 mm,

b, AV ertical

elevation ol e

measured as 34,1 mm. The radial

What 15 the height of the tower? A

The length ot line AD and the elevation of its endpaints, A and B, are to be
Jir containing images a and b. The camera used

ens. The fving height was 1200 m
two photos) and the air base was 600 m. The measured
ates of points A and Bin the “flight line” coordinate
98.67 mm, y« = 50.80 mm, yr= -2540 mm,
the length of line AB and the

dotermined from a stereop

lake the photographs has @ 152.4-mm |

(average for the
photographic coordin
system are \. = 5161 mm, x> =
') = .50 45 mm, and 'y = -27.39 mm. Find

clevations of A and I

:
4

-

AN
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e AR VD,
1ON QUESTIONS AUGUST 2017 C’L-LQ, '
Y

gure 1 of reflectance curves; show the Spectral
fespon
eciduous and coniferous trees, "¢ Patterny of

@) Which range of the wavelength is the visible
spectrum?

) Which range is the near-infrared (NIR) portion?

{c) Explain why it would be difficult to distinguish the WO types of trees

visible portion. S

(d) Explain why it would easier to distinguish the two types

of trees in e o
partian. =

i
4 ! '.'r
# U -;
Decidumus '
_‘m ll'emhI "'r‘":.. "‘Jx({ L" .F
o L !
- X " w [
Coniferous $. =~ / hY
reas ) A |._I""
2 > Ny
o w .Ef
12 &
0 S

g4 0% am GT OB O%
waeweigth (WL

Figure 1: Reflectance curves for Deciduous trees and Conifergus trees

(a)Visible: 0.4 - 0.7 pm

(b) NIR:0.7-0.9 pm

(c) The refiectance in the visible portion for both trees js o, and not dearly
separable

(d) Inthe near-infrared, although both types reflect a significant portion

of the incident radiation, they are clearly separ. able.
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